Sex differences in measles mortality : a world review by Garenne, Michel
International Journal of Epidemiology vol- 23, No. 3 
Printed in Great Britain 
Sex Differences i easles Mortality: 
A World Review 
MICHEL GARENNE 
Garenne M (Harvard School of Public Health, Department of POpUlatiOn and International Health, 665 Huntington Ave, 
Boston, MA 021 15, USA). Sex differences in measles mortality: A world review. International Journal of Epidemiology 
Background. In general females have a lower mortality than males at all ages. Excess female mortality has been 
documented in certain high mortality situations, in particular in South Asia. However, females may have a higher 
mortality for certain causes of death. One of the causes of death for which excess female mortality is suspected is 
measles. 
Method. Sex differences in measles mortality are investigated using all national data on causes of death published by 
WHO since 1950. An index of excess mortality is used: the geometric mean of the female sex ratios of age-specific 
deaths rates from measles, from age O to 44 years. 
Results and conclusions. When pooled together, the results show an excess of female mortality from birth until age 
50 years. The excess female mortality appears small at age 0-4 (+4.2%), larger at age 5-14 (+10.9%) and peaks 
during the female reproductive period, at age 15-44 (+42.6%). This pattern of excess female mortality occurs in all 
the major regions of the world: Europe, North and South America, Far-East Asia, the Middle East and South Asia. The 
only noticeable exceptions are the Philippines and Thailand. The validity of the finding is extensively reviewed. 
Emphasis lies on the statistical power to prove that sex differences in measles mortality do exist, on the critical analysis 
of a case study in England and Wales, on the comparison with the overall pattern of sex differences and on available 
data on sex differences in incidence. Possible explanations are reviewed. 
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Since the origin of demography, sex differences in mor- 
tality have fascinated students and scholars. More than 
three centuries ago, John Graunt ' observed that females 
had better chances of survival than men. These observa- 
tions were confirmed for a majority of situations, age 
groups and causes of death, although the pattern of 
excess male mortality seems far from being 
Various attempts have been made to explain this excess 
of male mortality. They can be grouped into three main 
categories: genetic, biological and behavioural. Males 
who have a pair of XY chromosomes are more suscepti- 
ble to X-linked recessive disorders.6 Male hormones 
(testosterone) seem to inhibit T and B lymphocyte mat- 
uration, two important components of i m m ~ n i t y . ~  
Numerous reviews have addressed the behavioural com- 
ponents of the excess male mortality: in general, men are 
more likely to have high-risk behaviours and appear 
more prone to occupational hazards.8 
From a demographic perspective, sex differences in 
mortality vary markedly with age, with the level of mor- 
tality and with the regional pattern of mortality. This has 
been shownin the study ofmodel life  table^.^"" However, 
a detailed analysis of the patterns' of sex differences by 
Harvard School of Public Health, Dept. of Population and Intemational 
Health, 665 Huntington Ave, Boston, MA 021 15, USA. 
detailed cause of death has never been completed. There 
are indications that female mortality can be higher for 
certain causes of death. In his review of 165 national 
populations, Preston3 found a consistent excess female 
mortality for tuberculosis at age 5-29, for certain infec- 
tious and parasitic diseases at age 1-14, for certain 
cancers at age 25-49, frequently for cardiovascular dis- 
eases at age 10-39, for influenza-pneumonia-bronchitis 
at age 5-14, for diarrhoea at age 5-39, for certain chronic 
diseases at age 10-24, and of course for maternal mor- 
tality. Women are also found to have higher risks for the 
cancers of the genital organs, breast cancers, and are 
more susceptible to autoimmune diseases. The reasons 
for this pattern of excess female mortality are not fully 
understood. In addition, evidence of behavioural factors 
inducing an excess female mortality among children has 
been documented, mostly in the Indian Subcontinent.' '-13 
This study focuses on sex differences in measles 
mortality. It grew out of an observation made in rural 
Senegal, that the case fatality from measles was signifi- 
cantly higher for girls than for boy~ . '~ In  this society there 
was apparently no indication of differences in parental 
attitudes towards boys and girls, specifically in respect to 
health maintenance and no indication of sex differences 
in nutritional status. Therefore, a biological origin was 
hypothesized for the excess female mortality from measles. 
i 
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This study investigates the pattern of sex differences in 
the world in order to substantiate this hypothesis. 
DATA AND METHOD 
Reference: Model Life Tables 
The data used for this analysis were compared to a 
reference set of model life tables. Model life tables have 
been developed by demographers to summarize the reg- 
ularities of age-specific death rates by age and sex in 
national populations. The classic data set gathered by 
Coale and Demeny9 has been chosen for this compari- 
son. The Coale and Demeny model life tables are based 
for the most part on the experience of the same countries 
as the ones used in this analysis. The model life tables are 
presented according to clusters of four regional patterns: 
West (130 life tables), South (22 life tables), East (31 life 
tables) and North (nine life tables). The West model is 
the most prevalent in the world and is considered as the 
most regular. The other patterns are defined by their 
departure from the West pattern. The model life tables 
are presented according to a level of mortality, which is 
defined by the female life expectancy and steps of 2.5 
years: level 1 is defined by eo=20 years, level 2 by 22.5 
years . . . level 25 by 80 years. The pattern of sex differ- 
ences in mortality varies according to the level of 
mortality in each of the regional patterns, and is summa- 
rized by an equation linking the life expectancy of males 
to that of females. Model life tables are given by 5-year 
age groups, from age O to 85+. 
Source of Data 
Since 1950, WHO publishes annually data on the causes 
of death, broken down by sex and age groups of 5 years, 
from birth to 85+ years, for some 110 countries through- 
out the world. The countries in question provide the data 
which come from the national vital registration systems. 
In addition, WHO maintains a computer file that in- 
cludes registered deaths and the denominators: that is the 
population by age and sex for each year and each country 
for which deaths by cause are available. The original file 
used for this analysis contained data on measles deaths 
from 2359 country*years over the 1950-1989 period. 
However, some of the largest countries of the world were 
not included in this data set, in particular China, India, 
Pakistan, Bangladesh, Indonesia, Vietnam, Brazil and 
most of Tropical Africa. 
Sample of Countries 
Several countries or years included in the original data 
set had no record of measles deaths, no breakdown by 
age, or had large proportions of deaths of unknown age. 
They were discarded. The final data set included 1500 
country*years from 78 countries. However, the geo- 
graphical coverage of these countries was uneven. The 
two largest contributions came from developed countries 
from Europe, North America, Australia and New 
Zealand (32 countries) and from Latin America (22 
countries). Other regions of the world included eight 
countries from the Middle East and one from South Asia 
(Sri Lanka) which were grouped together, three countries 
from Far-East Asia (Japan, Koreaand Hong Kong), and 
four countries from South-East Asia (Thailand, Philip- 
pines, Singapore, Papua New Guinea). In addition, the 
data set contained data from six Caribbean Islands and 
three African Islands (Mauritius, Cape Verde, and Sao 
Tome and Principe). 
The final data set covered about 38% of the world 
population (3.7 billion people in 1970) and 23% of the 
person-years lived between 1950 and 1989 (150 billion 
person-years). Furthermore, most of the countries had a 
relatively low mortality, with a mean of 70 years for 
female life expectancy in 1970, which corresponded to 
level 21 in the regional model life tables. Only two coun- 
tries had a life expectancy below 60 years in 1980-1984 
(Egypt, and Sao Tome and Principe), 19% had a life 
expectancy between 60 and 69 years and 78% had a life 
expectancy above 70 years. Therefore, the sample was 
representative only of the recent measles mortality ex- 
perience in relatively low mortality populations. 
For the purpose of regional analysis, the countries 
were classified according to their regional pattern of 
mortality. Whenever possible, countries were assigned to 
the regional pattern defined by Coale and Demenyg or 
by the United Nations." Other countries were assigned 
to the 'West' regional pattern. 
Morbidity Data 
In addition to mortality data, the data on measles inci- 
dence published by WHO were also taken into 
consideration. However, their coverage was of much 
poorer quality. Only 23 countries consistently reported 
measles cases by age and sex, covering only 356 coun- 
try*years during the 1950-1989 period. Even major 
countries with a good surveillance system of measles, 
such as the US, did not provide a breakdown of cases by 
age and sex during this period. Furthermore, most coun- 
tries provided only an abridged breakdown by age, which 
was not always compatible from country to country or 
from year to year. The most common breakdown, which 
was used for this analysis of morbidity data, was for ages 
0-4,5-14,15-44,45+. Other frequent cutoffs were ages 
1, 10,25,65 and 75 years. 
Countries and years for which data were available by 
sex and any age grouping accounted for 13.4 million 
measles cases, a small proportion of the total number of 
measles cases occurring during the 1950-1989 period in 
i 
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the world. When restricted to countries providing a 
breakdown by sex and by the four most frequent age 
groups (0-4, 5-14, 15-44,45+), only 17 countries were 
left, accounting for 4.1 million measles cases. These data 
were used exclusively to study sex differences in morbidity, 
not for calculating incidence rates. 
Indicators 
Three key indicators of measles epidemiology were uti- 
lized: the death rate (DR), the incidence rate (INC), and 
the case fatality ratio (CFR). The death rate was defined 
as the ratio of deaths to person-years lived; the incidence 
rate as the ratio of cases to person-years lived (by age and 
sex) and the case fatality ratio as the ratio of deaths to 
cases. Only the death rate was computed directly in the 
WHO sample of 78 countries. Asimple relationship links 
the death rate to the incidence rate and the case fatality 
ratio: 
Death rate:DR = Deathdperson-years 
Incidence rate:INC = Cases/person-years 
Case fatality ratio:CFR = Deathskases 
Re1ationship:CFR = DRlINC 
Similarly, three key indicators of sex differences were 
also used: the female sex ratio (FSR) of each of the three 
indicators quoted above. The FSR (I00 * female indica- 
tor/male indicator) was chosen to bring to the fore the 
excess female mortality. The calculation of FSR of inci- 
dence and case fatality did not require the calculation of 
incidence and of case fatality. These could be calculated 
directly from the ratio of the sex ratios of cases to the sex 
ratio of person-years (incidence) and from the ratio of 
the sex ratio of deaths to the sex ratio of cases (case 
fatality). A similar relationship links the sex ratios of the 
three indicators: 
Measles deaths: 
Measles cases: 
Population: FSR(PYS) = female person-yeadmale 
person-years 
Death rate: FSR(DR) = FSR(Deaths)/FSR 
' (person-years) 
Incidence rate: FSR(INC) = FSR(Cases)/FSR 
(person-years) 
Case fatality ratio: FSR(CFR) = FSR(Deaths)/FSR 
(cases) 
Relationship: FSR(CFR) = FSR( DR)/FSR(INC) 
The FSR of death rates were calculated for the 5-year 
age groups, from 0-4,5-9, . . . to 85+. For incidence and 
case fatality, female sex ratios were computed only for 
broader age groups: 0-4,5-14,15-44,45-99. A compar- 
ison of female sex ratios of death rates between the four 
FSR(deaths) = female deathdmale 
FSR(cases) = female caseslmale cases 
deaths 
broad age groups was also drawn. A weighted geometric 
mean (WG-mean) of female sex ratios in the three age 
groups 0-4,5-14 and 15-44 was calculated to summarize 
the excess female mortality below age 45 years. A geo- 
metric mean was chosen rather than an arithmetic mean 
to facilitate the merging of several age groups and to 
permit calculation of the variance. The weights used 
(0.8624, O. 1229,0.0147) were the inverse of the variance, 
in order to give more weight to age groups where the 
measles deaths were most concentrated, e.g. the 0-4 age 
group. 
The variances of the logarithm (Varlog) of the esti- 
mates were calculated using the standard Taylor series 
formulae of rates and ratios. In the variance of the 
logarithm of the case fatality ratio, the (1-CFR) term, of 
very small value, was considered negligible. The variance 
of the population was also considered negligible: 
Varlog(DR) = (Udeaths) 
Varlog(1NC) = (lkases) 
Varlog(CFR) = (Udeaths) + (Ucases) 
Varlog(FSR(DR)) = (Ufemale deaths) + (Umale 
Varlog(FSR(1NC)) = (Ufemale cases) + (Umale cases) 
Varlog(FSR(CFR)) = (l/female deaths) + (Umale 
deaths) 
deaths) + (l/female cases) + (Umale cases) 
RESULTS 
Age Pattern 
The age pattern of age-specific death rates from measles 
was very pronounced (Figure 1). Death rates declined 
steadily from age 0-4 to age 45-49 and increased after- 
wards. At age 85+, measles death rates were as high as 
at age 15. However, measles death rates were especially 
high at age 0-4 (166 per million person-years) and at age 
5-9 (20 per million person-years). This age pattern is the 
result of decreasing incidence with age, decreasing case 
fatality from age O to age 10, and increasing case fatality 
after age 10, as with most other causes of death from 
communicable diseases. 
Sex Differences 
Female sex ratios of measles death rates for all countries 
and years combined were first compared to 100 (Figure 
2, Table 1). For the data set as a whole, the FSR was 
higher than 100 from birth until age 45-49 and below 100 
after age 50 years. Results were highly statistically signif- 
icant. The excess female mortality was already noticeable 
at age 0-4 (+4.2%) and even more pronounced at age 
5-14 (+10.9%). A major peak of excess female mortality 
was visible at age 25-29, with an FSR of 188, that is 88% 
excess female mortality frommeasles compared to males. 
In the age group 15-44, the excess female mortality was 
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FIGURE 1 Age-spec[jìc death rates from nieasles 
Source: World Health Statistics, 1950-1989. 
42.6%. The WG-mean of death rates at age 044 was 
105.5, with a small 95% confidence interval (105.0- 
106.0). 
Sex differences became even more striking when com- 
pared to expected values of the FSR for all ages 
combined in a West model life table with the same life 
expectancy as the average of the countries (Figure 2, 
Table 1 ). The excess female mortality was 39% at age 0-4, 
43% at age 5-14 and 88% at age 15-44. There was no 
difference between observed and expected sex ratios after 
age 45 years. The excess female mortality from measles 
at age 0-44 was 40% higher than the WG-mean of the 
expected FSR. The peak of excess female measles mor- 
tality noticed at age 25-29 corresponded to a low value 
TABLE 1 Fernale ses ratios of age-specific measles death rates in the world 
O 10 20 30 40 50 60 70 80 
Age in years 
(Based on 661 O00 measles deaths worldwide) 
FIGURE 2 Female sex ratios of measles death rates 
Source: World Health Statistics, 1950-1989. 
in the regional model life tables. The comparison be- 
tween the two figures indicated a very high relative risk 
of 2.87 for measles compared to all causes of death at the 
same age. 
Regional Variatioizs 
Because 62.7% of all measles deaths came from Latin 
America, it was important to study the various regions 
separately. Except in South-East Asia (mostly Thailand 
and Philippines) and in the Islands, where only small 
numbers of deaths were recorded, the general pattern of 
excess female mortality in all age groups age 0-44 was 
prevalent throughout the world (Table 2). There was an 
excess of 3.0% in Europe, 6.2% in North America, 5.9% 
Observed data Comparison with model life tables 
Age group NO. of measles Death rate (per million) Female sex ratio of death rate Expected sex Ratio observed/expected 
(in years) deaths ratio in model 
life tables 
Female Male Mean 95% Confidence Mean Mean 95% Confidence 
Interval Intend 
0-4 568 181 169.41 162.55 104.2* 103.7-104.8 74.8 1.39* 1.39-1.40 
1.43* 1.41-1.45 5-14 80 983 13.19 11.89 110.9* 109.3-112.4 77.4 
15-44 9684 0.76 0.53 142.6* 136.9-148.5 75.7 1.88* 1.81-1.96 
1.01* 0.94-1.10 45-99 2417 0.23 0.27 87.3* 80.6-94.6 86.1 
WG-mean' 105.5* 105.0-106.0 75.1 1.40* 1.40-1.41 
Source: World Health Statistics, 1950-1989. 
a WG-mean = weighted geometric mean, age 0-44 years. See text for definition. 
*Significantly different from 100, P < 0.05. 
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TABLE 2 Fernale .vex ratio of nieasles death rates i11 various regions of the world, with comparison to expected values for  all causes of death 
Female sex ratio of death rates 
No. No. of Expected P 
of measles 
Region countries deaths O 3  5-14 15-44 WG-Mean‘ 95% CI 
Europe 28 62 662 101.7 114.7 106.3 103.0 101.4-104.6 76.6 ** 
North America 4 10 696 102.6 117.4 110.8 106.2 102.2-110.3 68.6 ** 
Far East 3 50 O29 104.1 125.6 103.2 105.9 104.0-107.8 72.0 ** 
Latin America 22 413 168 102.8 108.3 164.9 104.3 103.7-104.9 81.2 ** 
Middle East 8 55 620 121.3 114.3 94.3 120.9 118.9-123.0 79.9 ** 
South East Asia 4 66 334 96.6 109.4 74.9 97.7 96.3-99.2 80.9 * 
Islands 9 339 77.7 129.2 - 80.9 65.2-100.4 78.6 
‘WG-medn= weighted geometric mean, age 0 - 4  years. See text for definition. 
North America includes Australia and New Zealand. 
Islands have a population of c 1 O00 O00 inhabitants. 
* = Significantly higher than expected for all causes of death, P c 0.05 
** = Sipificantly higher than 100, P c 0.05. 
in Far-East Asia, 4.3% in Latin America and 20.9% in 
the Middle East. 
At age 0-4, the excess female mortality ranged from 
1.7% to 21.3% in the five regions. There was a marked 
excess of female mortality from measles in the Middle 
East, which explained the high value noted for the WG- 
mean. At age 5-14, the pattern of excess female mortality 
was very consistent throughout the world, including in 
South-East Asia and in the Islands. The excess ranged 
from 8.3 to 29.2%. At age 1544, the pattern was less 
consistent, mostly because the number of deaths was 
much smaller. 
A comparison with expected values was performed 
for each country with the corresponding regional model 
and the same life expectancy. Here again, the results were 
striking. Except in Islands, the FSR was 21% to 55% 
higher than expected. The highest difference between 
observed and expected FSR occurred in North America 
(+55%). 
Country Analysis 
Most countries followed the pattern described above. 
However, there were a few exceptions. For instance, two 
countries had an FSR significantly lower than 100 at age 
0-4: Thailand (FSR = 93.9, P = 0.0072) and Sao Tome 
and Principe (FSR = 49.5, P= 0.0022). One country had 
an FSR significantly lower at age 5-14 than at age 0-4: 
Mauritius (FSR 5-14 = 29.2, FSR 0-4 = 224.9, P = 
0.0214). Two countries had an FSR significantly lower 
at age 15-44 than at age 5-14: Philippines (FSR 15-44= 
80.3, FSR 5-14 = 1 11.3, P = 0,0098) and Thailand (FSR 
1544  = 71.2, FSR 5-14 = 105.4, P= 0.0006). There was 
no country where the FSR at age 45-99 was significantly 
higher than 100. 
A Case Study ìn England and Wales 
Since some of the worldwide data can be considered of 
doubtful quality, a separate analysis was performed for 
England and Wales. These nations have a long history 
of maintaining an accurate record of measles cases and 
measles deaths. Together with Iceland, they reported the 
highest number of measles cases per capita over the 
1950-1989 period. Since July 1837, data on deaths have 
been published by age and sex in England and Wales. 
For most of the years after 1837, they are provided by 
main causes of deaths, among which measles is always 
present. For the period after 191 1, the data are available 
on computer, and only this part was used for our 
analysis. The first 9 years were not considered for the 
case study, since World War I introduced major dis- 
turbances: there was a marked excess of measles 
deaths among men aged 15-44 in 1915-1919. This was 
the sole period during which there was an excess male 
mortality at those ages. During the 1920-1989 period, 
77 357 measles deaths were reported in England and 
Wales. The sex differences in measles mortality were 
compared to the exact values of life tables for the same 
nations. 
During the 1920-1989 period, England and Wales 
also experienced a similar pattern of excess female mor- 
tality (Table 3), although the pattern was less 
pronounced than in the world as a whole. At age 0-4, the 
FSR was lower than 100, but it was 13% higher than 
expected from all causes of death. At age 5-14, the FSR 
was 101.0, a 35% excess compared to the general pattern 
of mortality. At age 15-44, the FSR was significantly 
higher than 100 and 89% higher than expected, a value 
similar to other countries. However, the excess of female 
mortality persisted beyond age 45, a pattern different 
SEX DIFFERENCES IN MEASLES MORTALITY 
TABLE 3 Feniale sex ratio (FSR) of nieasles death rates, England and Wales 1920-1989 
r 
1 
l 637 ! 
Age FSR of No. of 
group Population measles FSR of measles deaths rates 
deaths 
Expected 
FSR RR P 
0 4  96.8 68521 90.6 89.2-92.0 80.2 1.13 * 
5-14 97.1 1644 101.1 96.6-105.7 - a4.7 1.35 * 
15-44 98.0 888 135.2 11 8.3-154.4, 71.3 1.89 ** 
87.4 1.48 ** 45-99 110.7 304 129.4 102.9-162.6 
Comparison is made with the pattem of sex differences in death rates from all causes, in life tables of England and Wales for 1920-1922 and 
* =Higher than expected for all causes of death, P < 0.05 
**=Higher than 100, P < 0.05. 
1957-1959. 
from other countries. Only at age 75+ were the observed 
values of FSR equal to the expected values. 
Statistical Power Analysis 
Since the FSR of death rates had a wide confidence 
interval, the probability of finding the excess female 
mortality in a country depended primarily upon the 
number of deaths recorded in this country. A formal 
analysis of the statistical power to detect a significant 
excess female mortality was conducted. The hypothesis 
to be tested was that the WG-mean of the FSR was 
significantly higher than 100 with a risk a= 0.05. Empir- 
ical values of the FSR and of the distribution of deaths 
in each age group W,5-14 and 15-44 were utilized for 
the direct calculation of risk ß. A normal distribution of 
logarithms of the FSR around the expected value was 
assumed. 
The distribution of the FSR was strongly associated 
with the number of deaths considered (Table 4). For 
instance, when less than 100 measles deaths were re- 
corded in a country, the FSR was higher than expected 
in 11.7% of cases and higher than 100 in 5.6% of cases, 
whereas corresponding values were lOO% and 75% when 
at least 10 O00 measles deaths were recorded. There was 
a steady increase in the proportion of countries where the 
FSR was higher than expected and where the FSR was 
higher than 100 with increasing number of deaths. 
There was a close correlation between the empirical 
proportion of countries where the FSR was significantly 
higher than 100 and the statistical power to prove the 
hypothesis (Table 4). With less than 100 deaths, the 
power was 5.0% and the empirical value was 5.6%, 
whereas with more than 100 O00 deaths the power was 
99.9% and the empirical value 100.0%. There was no 
statistical difference between the two distributions of the 
observed and the expected proportions of countries with 
FSR significantly higher than 100 01’ = 1 30, P = O. 180). 
With a power of 90%, the number of measles deaths 
required to test the hypothesis was 13 046. Only 12 
countries met this criteria. Among them, 11 cases had an 
FSR greater than 100 and nine cases were significant with 
P < 0.05. The most noticeable exception was the Philip- 
pines (Annex 1). 
Anal-vsis of Incidence 
In theory, excess female mortality could come from ei- 
TABLE 4 Proportion qf countries where fernale sex ratio (FSR) of nieasles death rates is higher than expected and higher than 100 for  allyears coinbiiied, 
according to the nuniber of deaths age 0-44 
Statistical Yn with FSR 
>expected Power of 
FSR > 100 
% with FSR > 1 O0 
No. of measles No. of 
deaths countries All P < 0.05 All P < 0.05 and P < 0.05 
3-99 18 
100-999 -1 
1000-9999 26 
10 000-99 999 11 
100 000-299 999 1 
Total 78 
37 
55.5 11.7 44.4 5.6 
95.5 72.7 63.6 9.1 
100.0 100.0 57.7 19.2 
100.0 100.0 90.9 72.7 
100.0 100.0 100.0 100.0 
88.5 71.8 61.5 21.8 
5.2 
8.2 
39.1 
97.7 
99.9 
31.6 
I 
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TABLE 5 Female ses ratios of nieasles incidence, case-fataliiy and death rates in the world 
Female sex ratios 
Age group Population Measles Measles Measles Measles Measles 
cases deaths incidence case fatality death rate 
(years) (1) (2) (3) (2/1) (3/2) ( 3 m  
0-4 95,s 93.7 99.9 97.8 106.6 104.2 
5-14 95.9 94.4 106.4 98.4 112.7 110.9 
1 5 4 4  100.2 90.2. 142.9 90.0 158.3 142.6 
45-99 118.9 81.3 103.8 68.4 127.7 87.3 
WG-meana 98.5 94.0 101.2 98.0 107.9 105.5 
Source: World Health Statistics, 1950-1989 (based on 661 O00 measles deaths from 78 countries and 4 100 O00 measles cases from 17 countries). 
"WG-mean= weighted geometric mean, age 0 4 4  years. See text for definition. 
ther excess incidence or from excess case fatality. Al- 
though they covered only a small part of the world 
experience, the data on incidence seemed to exhibit a 
consistent pattern of sex differences. Table 5 summarizes 
the decomposition of sex ratios of the population, the 
measles cases and the measles deaths and therefore of the 
sex ratios of mortality, incidence and case fatality. 
There was a slight deficit of females in measles inci- 
dence among children, from age 0-4 (FSR = 97.8) to age 
5-14 (FSR = 98.4). The deficit of females became more 
pronounced at age 15-44 (FSR = 90.0) and at age 45-99 
(FSR = 68.4). In the countries for which further break- 
down was provided, the FSR of incidence continued to 
diminish at older ages and was 58.6 at age 65-99. There- 
fore, the excess female risk shown in the death rates from 
age O to 44 appeared to be an underestimation of the sex 
differences in case fatality. The underestimation was 
minimal below age 15 (about 2%) and larger at age 15-44 
(about 1 l'%o). Due to the low sex ratios of the incidence 
at older ages, the excess female risk in case fatality 
persisted beyond age 45, although it was less pronounced 
than at age 15-44 (+27.7%). 
DISCUSSION 
This study was primarily based on the registration of 
deaths at the national level and on the declaration of 
deaths by cause. In most of the developedcountries death 
registration is virtually complete. In the developing 
countries used for this analysis, the completeness of 
death registration is well above 75% (this would not be 
true in many other developing countries). Measles is one 
of the easiest infectious diseases to diagnose, one of the 
most well-known by physicians throughout the world, 
and one of the most frequently studied infectious dis- 
eases. Measles usually comes in major epidemics, easily 
recognized even by the population. It is unlikely that a 
large number of measles deaths were ignored by the 
physicians in charge of assessing the causes of death. 
Therefore, the quality of the assessment of measles 
deaths depends primarily on the criteriaused for defining 
a death from measles. In fact, most deaths attributable 
to measles as the underlying cause are due to other 
infectious diseases as the immediate cause of death e.g. 
pneumonia, diarrhoea, encephalitis or other conditions. 
The International Classification of Diseases and Causes 
of Death provides clear guidelines to classify deaths by 
cause. If these were followed, one could expect a reason- 
able assessment of measles as a cause of death. However, 
the extent to which those guidelines are properly fol- 
lowed in cause of death statistics throughout the world 
remainsunclear. It is possible that themeasles death rates 
were underestimated because of misclassification of 
causes of death. 
In this study however, the use of data on the causes of 
death from various countries of the world to investigate 
sex differences did not require either completeness of 
registration of measles deaths or perfect assessment of 
deaths by cause. It required only the absence of system- 
atic biases according to sex. There are several indications 
that this condition was fulfilled. First, the pattern of sex 
differences by age existed in.most countries, in all conti- 
nents and in various cultural environments, including in 
the countries where the registration of measles cases and 
measles deaths was the most complete and the most 
reliable. Second, if there were biases, they would most 
likely have been in the opposite direction, that is towards 
an underregistration of female deaths. And third, in 
places where the underregistration of female deaths 
could have been expected, the highest excess female mor- 
tality was found. 
Most of the measles deaths were concentrated in the 
O 4  age group. In this age group the relative risk of 
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females was usually slightly above 100 but virtually al- 
ways higher than that expected from all causes of death. 
In model life tables, this occurs only in the South-Asian 
model of the United Nations system for developing 
countries when life expectancy is lower than 60 years. 
This can be considered as one more piece of evidence that 
the pattern observed for measles is an outstanding one. 
Excess female mortality at age 5-14 is more frequent 
in model life tables, At high levels of mortality, i.e. when 
life expectancy is lower than 50 years, this is a general 
effect found in virtually all regional patterns, with the 
exception of the Far-East Asian pattern. However, this 
is no longer the case when life expectancy exceeds 60 
years, as in most of the countries considered for this 
analysis. 
When life expectancy is greater than 40 years, excess 
female mortality at age 15-44 is found only in the South- 
Asian pattern. However, this excess seems to disappear 
when life expectancy becomes higher than 60 years. At 
older ages, female mortality is usually consistently lower 
than male mortality, even at high levels of mortality in 
all the regional patterns. 
It is hard to imagine that a pattern found so consis- 
tently throughout the world is due to behavioural 
factors, such as the differential management of the dis- 
ease according to sex. Another type of explanation could 
be sought in differential exposure to the disease. Since no 
major differences were found in incidence, one could 
argue only that the intensity of exposure might differ 
between males and females. It is possible that personal 
contacts between index and secondary cases differ be- 
tween boys and girls or between men and women. For 
instance, women such as nurses working in hospitals may 
be more at risk than men. However, if this was a general 
pattern, it should be true for most communicable dis- 
eases and therefore for all causes of death combined as 
well. Only a few communicable diseases, such as whoop- 
ing cough, seem to exhibit a similar pattern of excess 
female mortality. All the others go in the opposite direc- 
tion (a formal study of this pattern is currently underway 
by the same author). Another argument against the dif- 
ferential exposure hypothesis comes from the study in the 
rural area of Senegal, where intensity of exposure has 
been found to be a risk factor of measles m0rta1ity.l~ 
However, the FSR observed for measles mortality are 
higher than the risk ratios observed for childrenintensely 
exposed in a rural area of Senegal, one of the most severe 
environments for measles. It is not possible that all fe- 
males, but none of the males, contracting measles were 
intensely exposed. In particular, this is the case for the 
age group 5-14, where most measles cases are contracted 
in school, where conditions are similar for both boys and 
girls. For those who were infected at home, the mean 
intensity of exposure was virtually the same for boys and 
girls in Senegal (2.98 for boys, 3.02 for girls), whereas the 
excess female mortality was 50%. 
The age pattern of sex differences in measles mortality 
does not support a genetic origin. If females are at a 
genetic disadvantage for this disease, it would be consis- 
tent throughout life. Therefore, the most plausible 
hypothesis is a biological difference. There are many 
mechanisms through which differences between male 
and female could affect differences in measles mortality. 
For instance, a possible candidate is the effect of female 
steroids on the immune system. The level of estradiol 
peaks markedly during the female reproductive period, 
as does the excess female mortality. It is especially high 
during pregnancy. Measles has been found to be par- 
ticularly severe during pregnancy. l6 Also, recent 
indications show that high levels of female hormones 
have a negative effect on cellular imm~ni ty .~  In turn, 
cellular immunity, in particular T cells, monocytes and 
macrophages, plays amajor role in the control of measles 
infection. If this hypothesis supports the major peak 
observed at age 15-44, it seems unlikely to explain sex 
differences before age 15 years since the level of female 
hormones remains relatively low between age 3 months 
and puberty. However, little is known about sex differ- 
ences in levels of female hormones in this age group and 
even less about their biological significance. This hypoth- 
esis of a role for female hormones remains speculative. 
The different pattern of sex differences found in Thai- 
land and the Philippines remains puzzling. Although it 
may well be due to random fluctuations. or to poor data, 
the geographical proximity of these two countries sug- 
gests that more research is needed. In particular, one 
could search for risk factors of measles mortality associ- 
ated with males or for different patterns of female 
hormones in those populations. 
The statistical procedure used in this analysis does not 
account for possible heterogeneity in the sex differences 
throughout the world. There was evidence of some het- 
erogeneity besides the normal random fluctuations in the 
distribution of sex ratios in the countries with at least 300 
measles deaths: 29% of them were significantly different 
from the mean, whereas as only 5% were expected in the 
homogeneous case. However, the sex ratios were nor- 
mally distributed around the mean &' = 0.17, P = 0.99). 
When heterogeneity is relatively small and normally dis- 
tributed, the variance of the estimates is only increased 
by a few per cent. Most of the tests used here will still be 
valid even if the variance was increased by say 20%. 
The reasons why the excess female mortality from 
measles has not been reported earlier probably derives 
from the lack of statistical power of annual national data. 
Given the small value of the sex differences in the age 
P i
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group where most deaths occurred, the pooling of many 
countries and years was required to achieve the demon- 
stration. Only the proof by statistical power, which 
includes many instances of differences which are not 
significant due to the small number of measles deaths, 
could indicate that this phenomenon is most likely a 
general pattern. 
The magnitude ofthe differencesmay seem to be small 
and of little relevance for public health purposes. How- 
ever, the magnitude of the differences is significant for 
scientific purposes, and calls for more research. An ob- 
served 5% higher mortality-when a 25% lower 
mortality was expected-cannot be ignored. 
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Female sex ratios of measles death rates 
No. of 
deaths 0-4 5-14 15-44 WG-Mean 95% confidence interval Expected P 
Europe 
Austria 
Belgium 
Czechoslovakia 
England and Wales 
France 
Germany (FRG) 
Greece 
Hungary 
Ireland 
Netherlands 
Poland 
Portugal 
Romania 
Scotland 
Spain 
USSR 
Yugoslavia 
Italy 
440 
505 
2563 
2533 
4192 
3449 
738 
1749 
448 
6417 
828 
2886 
4662 - 
5007 
312 
7382 
2243 
15088 
93.1 
96.3 
106.7 
91.6 
102.5 
91.3 
99.2 
97.2 
115.1 
104.2 
95.2 
101.3 
97.0 
96.5 
103.6 
101.4 
97.9 
109.4 
82.6 
65.1 
117.8 
100.2. 
123.5 
115.4 
101.4 
120.6 
76.3 
118.7 
97.4 
129.6 
97.8 
113.8 
190.8 
126.8 
115.6 
131.5 
56.8 
39.2 
138.9 
90.9 
128.1 
97.1 
167.1 
72.3 
264.8 
117.8 
122.3 
143.2 
82.6 
79.7 
96.6 
97.5 
127.1 
90.3 
90.2 
89.4 
107.6 
93.4 
105.9 
95.6 
100.2 
98.5 
112.8 
106.0 
96.3 
104.1 
96.9 
97.8 
112.7 
103.0 
98.9 
110.4 
74.8-108.8 
75.C-106.6 
86.4-101.0 
89.4-102.2 
99.5-1 16.3 
99.7-112.5 
' 86.8-115.7 
89.7-108.7 
93.6-135.9 
101.0-1 11.3 
84.0-1 10.4 
96.7-1 12.0 
9 1.5-102.6 
92.5-103.4 
90.2-110.9 
98.4-107.8 
107.0-1 13.9 
91.1-107.4 
76.7 
71.4 * 
78.1 * 
71.7 * 
67.9 * 
75.5 * 
86.7 * 
78.6 * 
72.6 * 
74.8 
66.2 * 
77.3 * 
87.9 * 
77.1 * 
71.7 * 
86.3 * 
75.1 * 
88.1 
** 
** 
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ANNEX 1 Continued 
Female sex ratios of measles death rates 
No. of 
deaths 0-4 5-14 15-44 WG-Mean 95?h confidence interval Expected P 
North America 
Australia 
Canada 
us 
Latin America 
Argentina 
Chile 
Colombia 
Costa Rica 
Cuba 
Dominican Republic 
Ecuador 
El Salvador 
Guatemala 
Honduras 
Mexico 
Nicaragua 
Panama 
Paraguay (part) 
Peru 
Puerto Rico 
Uruguay 
Venezuela 
Middle East 
Egypt 
Iran (cities) 
Jordan 
Sri Lanka 
Asia 
Japan 
Korea 
Philippines 
Thailand 
63 1 
2083 
7761 
6341 
24264 
39026 
2603 
576 
2995 
38537 
15396 
71382 
4721 
154119 
3012 
4003 
1798 
29823 
301 
1049 
13154 
48628 
1063 
3887 
1164 
46068 
407 
56495 
9567 
112.9 
108.4 
101.2 
104.7 
99.6 
103.1 
104.9 
103.8 
103.8 
102.6 
100.8 
99.5 
100.0 
104.8 
89.6 
93.9 
96.5 
104.4 
90.5 
110.3 
103.2 
120.9 
96.3 
13S.7 
107.8 
104.5 
112.5 
97.5 
92.7 
86.3 
111.0 
122.1 
138.7 
104.9 
106.0 
124.8 
116.1 
120.9 
110.5 
114.3 
107.9 
110.8 
106.0 
113.2 
117.6 
116.8 
112.1 
66.0 
113.0 
121.7 
113.2 
127.6 
145.0 
85.3 
125.5 
157.8 
11 1.3 
105.4 
100.9 
128.2 
109.4 
165.4 
198.0 
121.5 
137.7 
162.7 
146.0 
166.0 
131.6 
189.6 
157.0 
153.3 
123.8 
193.6 
102.6 
204.4 
267.5 
181.7 
145.2 
95.2 
338.5 
258.0 
74.7 
100.4 
150.2 
80.3 
71.2 
105.3 
109.7 
106.3 
107.2 
100.4 
103.7 
107.3 
108.2 
105.9 
103.9 
102.8 
102.8 
102.3 
105.6 
93.7 
104.1 
99.1 
106.0 
85.7 
111.4 
105.2 
120.6 
98.5 
139.2 
102.7 
106.3 
131.4 
98.7 
93.9 
90.1-123.1 
-100.6-119.6 
101.6-1 11.2 
102.0-1 12.7 
98.0-102.9 
101.7-105.8 
99.4-1 15.9 
91.9-127.5 
98.6-1 13.7 
99.6-106.1 
101.3-104.3 
96.6-108.3 
104.6-106.7 
97.8-110.8 
103.6-108.4 
101.9-106.0 
87.2-100.6 
90.3-108.7 
68.2-107.6 
98.7-125.8 
101.6-108.9 
1 18.5-1 22.8 
87.3-1 11.1 
130.7-148.3 
91.5-1 15.2 
104.4-108.2 
108.0-159.9 
97.1-1 00.4 
90.2-97.8 
68.4 
67.0 
67.4 
75.7 
94.5 
85.2 
80.4 
70.6 
84.6 
85.7 
85.3 
86.3 
86.1 
83.8 
86.6 
81.8 
75.1 
86.3 
69.6 
74.8 
79.2 
103.9 
75.1 
85.4 
83.6 
65.1 
74.0 
85.1 
85.4 
* 
** 
** 
** 
* 
** 
* 
* 
* 
** 
* 
** 
* 
** 
* 
* 
* 
** 
* 
** 
** 
* 
** 
* 
** 
** 
* 
* = Significantly 
** = Significantly > 100 (P < 0.05). 
expected (P < 0.05); 
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ANNEX 2 Ailal>>ssis by coiitiiient and age group f 
i 
Measles 
No.of ASDR" 
Female sex ratio of ASDRa 
i deaths per Observed 95% confidence interval Expected ObservedlExpected P million 
f 
Age 0-4 
Europe 
North America 
Latin America 
Far East Asia 
Middle East 
South East Asia 
Islands 
Age 5-14 
Europe 
North America 
Latin America 
Far East Asia 
Middle East 
South East Asia 
Islands 
Age 1544 
Europe 
North America 
Latin America 
Far East Asia 
Middle East 
South East Asia 
Islands 
Age 45-99 
Europe 
North America 
Latin America 
Far East Asia 
Middle East 
South East Asia 
Islands 
55 583 
7694 
348 134 
15 189 
52 925 
58 346 
310 
6050 
239 1 
58 O80 
4519 
2573 
7343 
27 
1029 
61 1 
6954 
321 
122 
645 
2 
314 
337 
1135 
152 
114 
365 
O 
46.76 
10.08 
530.78 
121.63 
283.41 
192.21 
126.37 
2.57 
1.61 
53.82 
5.82 
7.89 
14.23 
6.13 
O. 14 
0.15 
3.69 
o. 14 
0.19 
0.71 
0.26 
0.08 
0.17 
2.30 
0.17 
0.62 
1.84 
- 
101.7 
102.6 
102.8 
104.1 
121.3 
96.6 
77.7 
114.7 
117.4 
108.3 
125.6 
114.3 
109.4 
129.2 
106.3 
110.8 
164.9 
103.2 
94.3 
74.9 
- 
88.5 
101.5 
104.3 
95.5 
80.0 
63.7 - 
100.0-103.4 
98.1-107.3 
102.1-103.5 
102.2-106.1 
119.3-123.4 
95.1-98.1 
62.1-97.3 
109.0-1 20.7 
106.6-1 10.0 
108.3-127.3 
118.5-133.1 
105.8-123.4 
104.5-1 14.5 
60.5-276.0 
94.1-120.1 
94.5-129.9 
157.0-173.1 
82.9-128.5 
66.1-134.6 
64.1-87.6 
- 
70.9-1 10.4 
8 1.9-125.8 
92.8-1 17.2 
69.5-131.3 
55.3-1 15.8 
51.7-78.5 
- 
78.1 
70.0 
81.4 
77.0 
80.0 
81.8 
78.6 
65.3 
57.2 
77.8 
44.4 
76.8 
73.4 
75.6 
67.7 
68.9 
75.2 
54.6 
79.3 
72.3 
77.7 
91.2 
91.7 
91.3 
85.3 
92.0 
89.6 
90.3 
1.302 
1.466 
1 .263 
1.352 
1.516 
1.181 
0.989 
1.757 
2.052 
1.392 
2.829 
1.488 
1.490 
1.709 
1.570 
1.608 
2.193 
1.890 
1.189 
1.036 
- 
0.970 
1.107 
1.142 
1.120 
0.870 
0.71 1 
- 
* 
** 
** 
** 
** 
* 
** I 
dl 
1 
** 
** 
** 
, 
** 8 
1 
** I! 
i 
* i, 
** i 
? 
/ I  
1 * I 
* 
i 
1 
I 
a ASDR = age-specific deaths rates. 
* = Significantly > expected (P < 0.05); 
** =Significantly > 100 (P < 0.05). 
